The Technical Debt Timeline
The technical debt timeline typically has five phases:
1. The time when technical debt is taken on. For example, rather than investing in identifying common services, developers copy and modify code. 2. The time when technical debt is recognized and made visible.
Ideally, this should overlap with the time that technical debt is taken on (Phase 1). 3. The ideal time to plan and re-architect to pay back the debt. This is a function of the ongoing cost of the debt (interest) accumulating during the interval t i . Paying back the debt (principal) can exceed the benefit of the features developed at the expense of the debt. 4. The time interval, t j , between Phase 3 and Phase 4 is often the point when organizations recognize the pain. They know that the debt exists, but they have no planned strategies for dealing with the debt, and the accumulated interest of the technical debt now exceeds the initial short-term benefits. 5. Organizations decide whether to pay back some or all of the debt and to deliberately manage the rest of the existing and future debt. They begin monitoring the accumulating technical debt and accounting for it during planning cycles.
Managing Technical Debt in Complex Software Systems
Bridge the Gap Between Business and Development
Managing technical debt effectively requires project managers, key decision makers, and the technical teams to agree on the project objectives. Achieving success by uncovering, prioritizing, reducing, and eventually strategically taking advantage of technical debt requires the following:
• Development teams must be empowered and incentivized to communicate known sources of debt.
• Management must be willing to provide resources to pay debt back when needed.
• If priorities change often and lead to unexpected sources of technical debt, a technical debt management strategy must be developed.
Technical Debt Evaluation
To meet the challenge of uncovering, communicating, and managing technical debt, the Software Engineering Institute (SEI) has developed a systematic approach. It includes techniques for making technical debt visible, determining what type of debt the project has, and integrating debt into project planning.
Make technical debt visible.
Often, development teams know that some project components may incur future rework, but they do not disclose it. The SEI team engages with the project managers and software development teams to identify debt by answering questions such as the following:
• Is adding a new capability taking longer than expected? If so, are the root causes known? • Would the system be able to upgrade to a new technology with ease? What is the evidence? • Are underlying structural issues making defects hard to resolve?
Determine the type of technical debt.
Unstructured large classes, global variables, cyclic code dependencies that create performance issues, and unnecessary copy and paste are all issues of low code quality that result in maintainability challenges and easily lead to technical debt.
Managing debt that results from low code quality and managing debt that results from wrong or obsolete architectural issues require different strategies. The SEI team engages with the project managers and software development teams to answer questions such as the following:
• Were structural shortcuts-such as unwanted modules, large modules, or unsystematic reuse-taken to optimize resources or for technical reasons? Do the systems need to be re-architected? • Do the systems meet key runtime requirements, especially in security, performance, and availability? If not, are the root causes known, and are there plans to fix these issues? • Are standards and procedures followed for development practices?
• Do teams have sufficient development infrastructure and tools to follow state-of-the-art configuration management and testing practices? • Does the system architecture cause more technical debt to accumulate?
Integrate technical debt into project planning, and associate technical debt with risk.
Managing technical debt is rooted in knowing the system's structure and behavior and balancing the program's short-term and long-term goals. In particular, data collection and analysis techniques must incorporate technical debt management into planning and risk management. The SEI team-together with the project managers and software development teams-identifies areas where data can help uncover hidden sources of technical debt and help prioritize where to pay debt down first. We help the organization answer the following questions:
• 
